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Add affiliation -- Southeast Fisheries Center
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Page 8: Equation (3) should be: YJ/f, = a - bf,

where Y /f. = equilibrium catch
per unit of effort
§f_ = equilibrium fishing
€ effort.

Page 9: Equation (5) should be: MSY = F (0.5 B,).

Page 19: The follow ng should be added after "instantaneous rate
(0.69)"

woul d add to 2.07, which corresponds to a nortality
rate of 87% of the original nunber of fish after
three years.

An anal ogy which may further help to denonstrate

the difference between annual and instantaneous rates
is sinmple versus conpound interest in banking. Sinpl e
interest is analogous to annual growth rate; conpound
interest is analogous to instantaneous growh rate.
A deposit of $100 in a savings account at 5% sinple
interest accunulates to $105 when the interest rate
is applied once at the end of the year (annual rate).
The sane $100 accunulates to $105.13 if the 5% rate
is applied daily (close to instantaneous).
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Everything You

Al ways

VWanted to Know

About MSY and OY (But Were Afraid to Ask)!
J. 1?2, Zuboy And A. C. Jones?®
ABSTRACT
The eight fishery managenent councils

established by the

and Managenent Act of

manage U. S. mari ne
occurring in the

Fi shery Conservation
1976 are nmandated to
fisheries
fishery

resources
conservation zone

based on the concepts of naxinum sustain-

able yield and optimm vyield. Fulfilling

the mandate requires a thorough under-

standing of these concepts. It is the

purpose of this paper to present a non-

technical discussion of maximum sustain-

able yield and optimum yield to facilitate

understanding by the ~councils, which are

conposed largely of |laypersons, so that

they may carry out their duties under the

Act .

| NTRODUCTI ON fulness now that OY has ar-
rived on the scene. In fact,
Two  of the nost bant er ed Larkin (1977) went so far as
about terns in the world of to tender "An Epitaph for the
fishery managenment today are Concept of Maxi mnum Sustai ned
maxi mum sust ai nabl e yield Yield" in his keynote address
(Mvsy) and optinmum yield (OY). at the annual neeting of the
The wMsy concept has been wth American Fisheries Society in
us for a long tinme and actual - 1976. Wiile we agree that
ly reached its pinnacle in the managi ng strictly for MY is
1950' s. OY is a concept of outdated in this energy-hun-
the 1970's. Many people feel gy , limted-resource world,
that MSY has outlived its use- the fact of the matter is that
MSY will remain a functional
concept for many years to
"A nontechnical paper on the cone. There are two reasons

fisheries concepts of nmaximum
sustai nable vyield (MSY) and
optimum yield (OY). Present ed
at a neeting of the Caribbean
Fi shery Managenent Council in
Santurce, Puerto Rico.

2Sout heast Fi sheries Center,
National Marine Fisheries Ser-
vice, NOAA, 75 Virginia Beach
Drive, Mam, FL 33149.

for this: 1) the Fishery Man-
agement and Conservation Act
(FCvA) of 1976 (Public Law 94-
265) has given MSY a new | ease
on life by nmking MSY the ba-
sis on which OY is prescribed,

"as nodified by any relavent
econom c, soci al , or ecol ogi -
cal factor," and by requiring
MSY as well as OY to be speci-



fi shery managenent
plan prepared under the Act,
and 2) the conplexities of ar-
riving at a consensus as to
what constitutes OY for a
particular fishery are such,
that for nmany cases OY s
likely to be designated as
equal to MSY-- at least for the
foreseeable future

fied in any

G ven then that the Region-
al Councils wll have to dea
extensively wth both concepts
and that the Council menbers

in general are decisionmakers,
not fishery scientists per se,
it is the purpose of this
paper to provide a functiona
(nontechnical) perspective of
t he concepts to facilitate
understanding and thereby aid
t he Councils in fulfilling
their duties wunder the Act.
First we'll discuss MBY--what
is it, how do we estimate it,
how reliable is our estimte--
and then give sone exanples.
Then we'll do nuch the sane
for OY. Hopefully, by the
time all is said and done, a
clear picture of the concepts
and t heir application will
begin to energe.

MAXI MUM  SUSTAI NABLE  YI ELD

As defined by Ricker (1975),
MSY is the largest aver age
catch or vyield that can con-
ti nuously be t aken from a
stock under existing environ-
mental conditions. Thus, MSY

is strictly a biological con-

cept, giving no consideration
to econonmic, social, or poli-
tical factors. The concept of

MSY is based on the reasonable

postulate that a fish stock
produces its greatest harvest-
able surplus when it is at an
intermediate |evel of abun-

There are three rea-
| essened surplus pro-

dance.
sons for

duction at maxi mum abundance
or high stock densities:

1) Near the
density,

maxi mum st ock

efficiency of
reproduction is reduced,
and often t he act ual
number of recruits 1is
less than at snaller den-
sities.

2) Wen food
ited, food is Iless

supply is |im
effi-

ciently converted to fish
flesh by a large stock
than by a smaller one.
Each fish of the [larger
stock gets less food in-
di vi dual I y: hence a
larger fraction is used
nerely to mmintain life,
and a snmaller fraction
for growh.

3) An unfished stock tends

to contain nore older in-

di vi dual s, relatively,
t han a fished st ock.
This makes for decreased
production, in at |east
two ways.
a. Larger fish tend to
eat | arger f oods,
Sso an extra step
may be inserted in
t he f ood chai n,
Wi th consequent
loss of efficiency
of utilization of
the basic food pro-
ducti on.
b. O der fish convert
a smaller fraction

of the food they
eat into new flesh,
partly, at | east,
because mature fish
di vert nmuch sub-
stance to maturing
eggs and mlt.

Under reasonably stable nat-
ur al conditions the net in-

crease of an unfished stock is
zero, i.e., on the average
growth is balanced by natural

deat hs, and there is no sur-



pl us production. I nt roduci ng

a fishery increases production
per unit of stock due to one
or nore of the reasons above,

and so creates a surplus which
can be harvest ed (Ri cker
1975). The problem then is
how do we estinate the surplus
producti on?
Basi cal | v,
nodel s used
tial yield
either in

t here are t wo

to estinate poten-
from a fishery,
termse of MY or in

terns of maximum yield per re-
cruit (Y R. They are the
producti on nodel (Synonyns:
sur pl us producti on nodel

stock production nodel, |ogis-
tic nodel, and Schaefer nod-
el) and the yield per recruit

nodel (synonyns: dynam ¢ poo
nodel , Beverton and Holt nod-
el).

Producti on Model

The production nodel has its

roots in the logistic "law' of
popul ati on grow h, whi ch was
first advanced by the French
mat hemati ci an Ver hul st in
1838. He described logistic
population growh by the dif-
ferential equati on:
dNdt = (rN) (K-NJ/K (1)
wher e N = population in num
bers
r = reproductive capa-
city (rate of sur-
pl us production, in
our sense)
K = maxi mum popul ation
size that can ex-
i st in a given

ecosystem

A plot of the
tion yields an S-shaped
which in pmathematica

is termed a logistic Curve
(Fig. 1). In words, Equation
(1) sinply says that the rate

Ver hul st equa-
curve

j argon

¥

POPULATION NUMBERS

TIME

Figure 1. --The
and its first
(After Pearl 1927.) The peak
of the first derivative curve
corresponds to the inflection
point of the logistic curve,
i.e., the point where rate of
surplus production is a maxi-
nmum Anal ogously, the peak of
the vyield curve is the point
of maximum vyield.

| ogistic curve
derivati ve.

of change of popul ati on
nunber s over tine, in a
limted envi ronnment, is a

reproductive
size of the

function of the
capacity and the
popul ati on. This. sinple con-
cept was extended by Graham
(1935) to account for t he
change in biomss (weight ra-
ther than nunbers) of a fish
stock over time as a function
of the rate of surplus produc-
tion (recruitnment plus growth
less natural mortality). He
further' denonstrated that un-
der equilibrium (steady state)
conditions, when fishing re-
noves the surplus production
of the stock at the sane rate
it is produced, the population



Yield

Effort

Figure 2. --Schaefer nodel of
the relationship between ef-
fort and vyield.

size remins constant and the

annual catch beconmes the an-
nual equi librium vyield. It
remai ned for Schaefer (1954,

1957) to extend the concept to
relating yield directly to
fishing effort by the sinple
parabola we are fanmiliar wth
today (Fig. 2). There have
been a number of nodifications
to the production nodel in re-

cent years, but we wll do no
nore than reference them here
(Qulland 1961: Pella and Tom
linson 1969: Fox 1970, 1975;
Wal t er 1973, 1978; Ri cker
1975, Marchessault, Saila, and
Pal m 1976; Schnute 1977). |
we can elicit an understanding
of the basic production nodel,
its data requirenents, assunp-
tions, and applications, we
will have achi eved our
pur pose.

The beauty of the production
nodel is its sinplicity. The
only data needed to apply the

nodel are catch and effort for
a series of years. The usua
net hod of applying the nodel

to the data is to statistical-

ly fit a straight line (linear
regression) to the relation-
ship of catch per wunit effort
( CPUE) and effort (Fig. 3,
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3.--The relations be-
fishing effort and catch
per unit effort (upper figure)
and total catch (lower figure)
in the vyellowfin tuna fishery.
(from | ATTC Annual Report
1968) .

Fi gure
t ween

thereby estimating the
constants necessary for fit-
ting the parabola (Fig. 3,
lower) to the annual yield and
effort data. The same con-
stants are used in the appro-
priate equations to estimate
the highest point of the para-
bola (which corresponds to the
MBY) and the optinum fishing
ef fort associated with the
VBY.

There are a number of
suunptions involved with the
production nodel (indeed wth
all mathematical nodels), and
herein lies the rub--rarely
are the assunptions conpletely
sati sfi ed. The rmajor assunp-

upper),



tions associated with the pro-
duction nodel are:

1) The fishery is in equi-
[ibrium, i.e., st ock
structure has adjusted
to and stabilized at the
current level of fishing
effort.

2) Environnent al factors
are constant.

3) The fishery is operating
on a "unit stock," i.e.,

a stock capable of inde-
pendent exploitation or
management and contain-
ing as much of an inter-
breeding unit or as few

reproductively i sol at ed
units as possible (Royce
1972).

4) The number of recruits
and the natural nortal-
ity rate are constant
regardl ess of st ock
si ze.

5) One unit of fishing
effort produces the sane
relative effect on the
st ock, t hat is, it
catches the sane percen-

tage of the stock, re-
gardless of the time or
place it is applied or
regardless of the size
of the stock.

6) The rate of
i ncrease of t he

nat ur al
st ock

responds immediately to
changes in popul ati on
density, i.e., the tine

lag between spawning and
recruitment of progen

to the catchable stoc
is ignored.
7)  The rate of natural in-

crease at a given weight

of population is jnde-
pendent of the age com
Position of the popula-
tion.
As one can easily see, all of
the assunptions can never be
nmet . However, assunptions not
wi t hstanding, the nodel stil

provides us with a first rough

estimat e of t he potenti al
yield that can be expected
from a given stock of fish.
Now let's look at sone ex-
anpl es.

Schaefer's (1957) paper on
Pacific vyellowfin tuna is the
classic on production nodel-
i ng. The biological charac-

teristics of the beast and the
nature of the fishery |end
themsel ves nicely to produc-
tion nodel anal ysi s. The
nodel provided a reasonably
good description of what was

happening in the fishery wunti

t he m d- 1950' s (Fig. 3,
| ower). After t hat tine,
however, there is nmuch nore
scatter evident in the points
about the curve. If the data
for 1969 and 1970 wer e
included, the scatter would be
even nor e obvi ous, as the
catches for those years were
253 and 284 nmillion pounds,
respectively. The primry

reasons for the failure of the
model to adequately describe
the fishery in recent years
are: 1) a progressive change
in the type of fishing effort
from  Dbait boats to super
seiners, and 2) a progressive
expansi on of t he fishing
grounds beyond the area co-
vered by the original analy-
Si s. The nodel did, however,
provide the basis for adequate
scientific advice to industry
and fishery managenent deci-
sion-nakers for many years.

To bring the discussion a
little closer to hone, her e
are a few exanples3 of the

*The exanple in Figures 4, 5,
and 6 are for illustrative

purposes only and do not nec-
essarily reflect the current
status of the stocks.



producti on model applied to
fisheries in t he Sout heast
Regi on. W won't discuss all
the assunmptions and analytical

probl ens specific to each
case, but just show the pro-
duction <curves to provide a
"feel" for how the nodel is
applied to different fisher-
i es.

Figure 4 is an exanmple of
the producon nodel applied to
the Gulf of Mexico nmenhaden
fishery. Note that the data
points are for the npst part
very close to the curve in the

early years of the fishery,

but as the fishery approaches
MBY there is considerable var-
iation from the curve. Thi s
is the wusual picture presented
by the production nodel. The
nmodel shows that the fishery
has been producing above the

| evel of MsY for the | ast

effort is al so above t he
opti mum The nenhaden fishery
is relatively easy to deal
with in ternms of standardizing
fishing effort because there
is no recreational fishery to
consider and no foreign fish-
ing effort.

Figure 5 shows a production
nodel fit to @lf of Mexico

brown shrinp data. The nodel
suggests that this particular
fishery is operating at about
NVBY. Note that yield is given
in both heads-off and live
(heads-on) weight.

Figure 6 shows the produc-

tion nmodel fit to the grouper
fishery off the west coast of
Fl ori da. This fishery is dif-
ficult to assess because a
| arge nunber of species are
involved and there are dones-
tic commercial, f orei gn, and
recreational fisheries to be

years, but that the level of considered (just to nmention
ESTIMATED AVERAGE MAXIMUM SUSTAINABLE YIELD (MSY)
GULF MENHADEN PURSE SEINE FISHERY 47.'
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BROWN SHRIMP, MISSISSIPPI RIVER TO MEXICO

3. g1 . two of the problens). The
g = m model shows that the fishery,
“] Euw if all the data and assunp-
gw 5 tions are- correct, is not yet
g 1 gm at My but is approaching that
3= 3 level .
4 "5'* This discussion and exanples
E g’ 7 T T y so far have revolved around
S % DIRECTED EFFORT MILLIONS OF HOURS FISHED f | t t | ng t he pr OdUCt | On I’TDdel
‘ using a time series of catch
Figure S.--Production model effort data. The three vari-
for cul f of Mexi co  brown abl es: catch, effort, and
shrinp (NS, Galveston Lab.). catch per wunit effort(CPUE)
are, of cour se, rel at ed.
Knowing any two, the third can
be <calculated directly.. In
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Figure 6.--Production nodel of the Wst Florida Shelf grouper
fishery (NWFS, Mam Lab.).



sone fisheries wher e tota
catch is known but total ef-
fort is not, CPUE for a selec-

ted (well-behaved) part of the
fishery can be used to est-

imte total effort by:

total catch = total effort.
CPUE (sel ected)

(2)

The model is then fit by
regressing CPUE against tota
effort. This is a neat trick
and perhaps the only way to
fit the production nodel in
sone fisheries, however, a
word of caution. It has been
shown (Knights and Pope 1975)

that when calculated this way,
the result is a parabola even
if both <catch and CPUE are
random nunber s! Thus, even if
there is no relationship be-
tween CPUE and effort a cor-
relation can be shown. The
same spuri ous results are
obtai ned when fitting the pro-
ducti on model by aver agi ng
effort for a nunber of years
to sinulate equilibrium condi-
tions as suggested by @lland
(1968) or when using effi-
ciency factors. In the latter
case, a smll al | owance for
increase in the efficiency of
fishing effort is included in
the calcul ations. Cal cul at ed
this way, if actual CPUE and
effort were constant for al
years, the addition of a 4%
annual increase in efficiency
factor would produce a para-
bol a. Thus, if CPUE varied
randomy and effort were con-
st ant, the use of efficiency
factors would tend to produce
a correlation where one did
not previously exist.

Before leaving the produc-
tion nmodel we would like to
nmention briefly two nethods of
estimating MSY which are based
on the nodel, but do not

require a time series of catch
and effort data. we'll cal
these the equilibrium period

(EP) approach and the wvirgin
stock biomass (VSB) approach
Under equilibrium condi -
tions, surplus production is a
parabolic function of rate of

fishing (F) and of fishing
effort (f) as well as stock
si ze. The relationship can be

fitted with the -equation
Yo/fe = bfg (3)

where Y,

equilibruim catch
per unit of effort
equilibrium fishing
effort.

fe

Hence, val ues of
unit effort and effort for two
equilibrium periods can be
substituted in Equation (3)
and by solving the two sinul-
taneous equations thus obtain-
ed, values for the paraneters
(constants) a and b can be
derived (Ricker 1975). Havi ng
values for a and b, MY is
cal culated from

yield per

MBY = a®/ 4b. (4)

This approach was wused to

esti mte MSY in the Puerto
Rico spiny |lobsters fishery.
A time series of catch and
effort data was not avail abl e;
however , an estimate of catch
and effort for two periods,
1951 and 1976, was avail able.

These years were assuned to be
peri ods when the fishery was

in equi li brium The data
wer e:
1951 1976
Fish pots 4,473 8,271
Pounds 467, 000 480, 000
Pounds/fi sh
pot ( CPUE) 104 58

Enpl oying the EP approach, MY



was estimted as 516,000 I|Ib at
an effort |evel of about 6,500
fish pots.

The VSB approach can be used
when there is no catch and
effort dat a avai | abl e, but

where biomass of the virgin
(unexpl oi t ed) stock can be
esti mat ed (&aull and 1971) .
Bi omass estinmates are some-

times available from explora-
tory fishing surveys, egg or
| ar val st udi es, acoustic or
echosoundi ng surveys, and gut
contents of predatory species.

The VSB approach is based on
the logistic nodel of popula-
tion growmh, in which the max-
imum yield (Yo is taken
when the population biomass is
half the wunexploited or wvirgin

stock biomass (B,) as shown
bel ow.

Y

max
o
—f
2
>

o3 Bo Bo

Biomass
Assuming fishing rate to be

equal to natural nortality
rate in the virgin stock, the
equation for estimating MSY
is:

MBY = F (0.5b). (5)

In words, Equation (5) says
that MSY is equal to one-half

the virgin stock bionass (B,
multiplied by the fishing nor-
tality rate (F).

The EP and VSB approaches
both enable a quick and dirty
estiate of MSY to be made when
there may be no other alterna-
tive. The estimate thus de-
rived is obviously very gross,
but it may be all that we have
and may at least be on the

right order of nagnitude.

A final word on nodeling for
predictive purposes. Pr edi c-
tion, based on a nodel, is

nost reliable when the entire
range of conditions has been
observed. Predicting the be-
havior of a phenonenon beyond
the range of observed data is

usually ill-advised (but often
necessary). The production
nodel , t herefore, |i ke other
nodels, is best at predicting

MY after MSY has been exceed-
ed but this is when nanagenent
measur es are usual l'y nor e
difficult to apply.

YIELD PER RECRU T MODEL

The first attempt to de-
scribe a fishery in terns of
the vital paraneters of re-
cruitnent, growth, and nortal-
ity instead of only in terns
of population size is general-

| Y attri buted to Bar anov
(1918). This type of yield
nodel is formulatated by fol-

lowing a group of recruits
through their |I|ife from entry
into the fishery (t,) until

the end of their fishable life
span (t,.). The general form

of the equation which de-
scribes this situation is

t
Y = SUM FNwdt. (6)

tC

In words, this equation says
t hat Y from a year-cl ass



(cohort) during its life in
the fishery is determned by
taking into account the nunber
(N) remai ni ng each year,

converting t hat number to
wei ght using an appropriate
growmth function (W) deriving
the proportion of the weight
which s removed by fishing
mortality (F), and then sum

mng from t, to t, Under
equi li brium conditions t he
total catch each year is equal

to the total harvest from a
year -class during its [life,

thus Equation (6) represents
the annual equilibrium vyield.

Unfortunately, we seldom know

anyt hing about the Ilevel of
reruitment, and so the dynamic
pool nodel is wusually enployed
to estimate only yield per
recruit, i.e.,
L m
YYR = Sum (FN/R wdt. (7)

tc

At times vyield per recruit has

been treated as if it were
total vyield leading to nuch
confusion between the result
of this nodel and the result
of a prodution nodel whi ch
gives estimates of total vyield
(NVBY) . Yield per recruit and
t ot al yield are equi val ent

only if the absolute recruit-
ment is constant for all wval-
ues of popul ati on si ze
(Schaefer 1968).

The shape of the yield per
recruit curve is determned by
the growh and natural nortal-
ity rates (instantaneous) of
the stock in question. A
stock with a low growmh rate
and/or a high natural nortal-

ity tends to have a flat-

“See Appendi x for discussion
of instantaneous rates.

Fm.x Fu. [} Fmax

YIELD PER RECRUIT

L T T T T T T Y T T T T T T T

FISHING MORTALITY RATE (F)

Figure 7.--The t wo basi c
shapes of the yield per re-
cruit curve as determned by
growth and natural nortality
rates.

topped Y/R curve ( Fi g. 7)
This type of curve suggests
that there is no reduction in
yield even at very high fish-
ing nortality rates. There is
no clearly defined maxi mum

point (F.,.x) on the curve.
This poses a problem since the
implication is that the stock
can sustain high fishing nor-
tality wthout fear of over-

fishing, which may not be true
if recruitnment is dependent on
the size of the adult stock

To deal with this problem

fisheries scientists have de-
si gnat ed Fo as the optinal

fishing nortality rate. Thi s
rate is determ ned as the
point at which the slope of
the yield per recruit curve is
one-tenth of the slope at the
origin (Fig. 7). Thus, al -
t hough some amount of vyield is
| ost by designating Fo, .as
the optimal fishing nortality
rate, the stock is protected

from overfishing.
A low natural

and high
a YR

nortality rate

growh rate produces
curve which is donme-



shaped (Fig. 7). This type of
curve has an obvious F,, at a
rat her low level of fishing
nortality and tends to drop
of f substantially at high F
| evel s. The nmanagement inpli-
cation of this <curve is that
overfishing is a distinct pos-

sibility even at low fishing
nortality rates.
Even if one selects the F

(or = whi ch
yield on'’a per recruit basis,
there is no guarantee that
this F value wll produce the
maxi rum total vyield. This is
because a vyield per recruit
analysis is based on the ex-
i sting expl oi tation pattern
which in turn can cause nmjor

changes in yield per recruit
and hence total vyield.

maxi m zes

The vyield per recruit node
suffers many of the assunp-
tions nmentioned for the pro-
ducti on nodel. In addition,
one nmust be able to estimate
val ues for the vital par a-
meters, such information being
scarce or entirely lacking in
nmost fisheries; and, once
again, the nodel does not pro-
vide an estimate of Msy, but
only an estimate of vyield per
recruit under specified condi-
tions. Since we are primrily
interested in MY and OY in
this paper, exanples of vyield
per recruit curves wll not be
provi ded here. However, this
brief treatment of the VY/'R
nodel should not be interpret-
ed to nean the nodel is of
little inportance. Y/ R analy-
si s, under t he appropriate
ci rcunmst ances, is an invalu-
able tool for fisheries stock
assessnent.

W have |ooked at the two
primary methods of assessing
the biological potential of a
fishery now how do we get from
MBY to OY?

CPTIMUM Yl ELD

BY now the definition of OY
as st at ed in t he FCvA
should have the status of a
household word, however, it
won't hurt to state it once
nore, just to set the stage
for our discussion

The term "optinmm" with
respect to the yield from a
fishery, means the ampunt of
fish 1) which wll provide the
gr eat est overal | benefit to
the Nation, with particular
reference to food production
and recreational opport un-
ities; and 2) which is pre-
scribed as such on the basis
of MSY from such fishery, as
nodified by any relevant eco-
nom c, soci al , or ecol ogica
factor.

Thus,
gives no

FCMA defines OY but
specific guidance as
to how it should be deternin-
ed. If it were possible to
quantify all of the econonic,
social, and ecol ogical factors
involved in any given fishery,
it would be relatively sinple
to calculate an OY using sone
type of mathenatical optinza-
tion routine. However , this
is not possible now and pgpy
never be possible. So it
seens that OY wll have to be
determ ned subjectively based
on expert (hopefully!) opin-

ion, at least for the tine
bei ng. There are probably a
nunber of ways of soliciting
expert opinion and trying to
bring about a consensus. W
will mention just two appro-
aches here.

Anerican Assenbly Approach

In this approach a nunber of
experts are assenbled at one
tinme and pl ace, and t hey
attack the problem as a group
Each person brings his/her own



particul ar
economn cs,
soci ol ogy)
pr obl em

consi der abl e

expertise (e.g.,
fishery biology, or
to bear on the
The group , after

i nteraction, i n-
tegrates all of the relevant
data that has been shar ed,
into a consensus, and thus ar-
rives at. a specification for
ov.

The mmjor problem with this
approach (and each approach
has its own inherent problens)
occurs in any group interact-
i on. Some nmenbers of t he
group tend to domnate the
di scussion while others renmain
guietly on t he si del i ne.
There is a natural tendency
for sone people to be reserved
in group discussions for fear
of saying something stupid or
being put down. In other
words, there is a lot of ego
involvenent in group interact-
ion, and this may have a neg-
ative effect on the results
produced in this type of
at nosphere.

The American
proach was
sity of Mam to
scriptive and
soci oecononi c

Assenbl y
used at

ap-
the Univer-
obtain de-
guantitative
i nformati on

about macker el fisheries
(Austin et al. 1977). Peopl e
wor ki ng "in" t he fisheries
(fisherman and processors) and
"on" the fisheries (biologists
and manager s) contri buted
their i deas, under st andi ng,
and opi ni ons about t he
fisheries during a workshop

di scussi on. The discussion
was based on background papers
prepared from previous contact
with the individual partici-
pants and from published ma-
terials. The background
papers were a starting point
for the discussion, and the
technique allowed a consensus

to be forned in sone cases, or
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at | east
be stated

di ver gent to

in others.

opi ni ons

The Del phi

The Del phi
characteri zed

Techni que

Technique may be
as a method for
structuring a group comrunica-
tion process so that the pro-
cess is effective in allowng
a group of individuals, as a
whole, to deal with a conplex
problem (Linstone and Turoff
1975). The major features of
a Delphi are: Some feedback
in individual contributions of
i nformati on and know edge,
sone assessnent t he gr oup
judgnent or view, sone oppor-
tunity for individuals to re-
vise views, and sonme degree of
anonymty for the individua
responses.
Here's

wor K.
identifies

of

how a Del phi would
The i nvestigator(s)
a group of experts
on the subject (experience in-
di cates that about eight are
necessary). These experts are
t hen pol I ed i ndi vidual ly.
This insures confidentiality,
which is a very inportant fea-
ture of Delphi. In this way,
the answers of one person are
not influenced by the answers
or behavior of another person
The results are collected and
tabulated by the investigator,
which generally entails deter-
mning the range and median
for all responses to a given
guesti on. This information is
then given to each respondent,
and they are asked to reanswer
the question, considering the
new "data" generated by the
aggregate responses. If their
new responses are outside the
interquartile range from the
previ ous round, t hey nmust
wite a short explanation of
why they feel their answer is
correct. These expl anations
are then given to the respon-
dents in t he next round.



through this procedure
results in a consensus
by the fourth or fifth round.
Probably the biggest problem
in applying the Delphi techni-
que is in getting sonmeone who
is either famliar with the
technique, or willing to learn
about it, to act as the in-
vestigator. Thi s person(s)
shoul d, ideally, be famliar
with the particular problem to
some degree, which would help
in Posing the right questions.
An exanple of how the Delph
Techni que has been enployed in
the area of resource nmanage-
nment is provi ded by t he
M chi gan Sea Grant Program
(Ludl ow 1972). The M chigan
Sea Grant Del phi i nquiries
were designed to obtain and
refine an i nterdisciplinary
group of researchers’ j udge-
ments about issues and devel-
opnments that should be consi-
dered with planning for intel-
ligent managenent of the water
resources of the Geat Lakes.
The Del phi provided sonme care-
fully fornulated judgenents of
a multidisciplinary team of
researchers and pot enti al
users of researh data regard-
i ng: The i nportance and
effects of technical, social,
econom c, and political devel-
opnents; sources of pollution
and recomrended wast e- wat er
treat ment and disposal Sys-
tems; and regional opportuni-
ties, problens, and planning
strategies. More inportant, a
critical eval uati on of t he
nmet hod has shown the potential
of a Del phi i nquiry for
i mproving the dialogue between
researchers and regi onal
problem solvers (Ludlow 1975).
These are a couple of ideas
about how to functionally at-
tack the problem of obtaining
consensus in group CcomMunica-
tions, Now it rmay be usefu

Cycling

usual l'y
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to exam ne what

i ke
In
of

Sust ai nabl e
(1975: 85-88)
possi bl e

as he envi si oned
concept

simply

OY!

1.

his

Oy might |ook
the real world.
summary and
Synposi um on

Yi el d, Roedel

di scussed ten
configurations of
t he
we' ||

critique
Opti mum

being appli ed.
list them here.

The optinmum yield wll
in certain fisheries be
equal to the NMBY.

The optimum yield npay
approach zero harvest
for substantial stocks
that are demonstrated
to fill essenti al ni -
ches in the food chain
for nore desirable spe-
ci es.

The optimum yield wll
for many fisheries ap-
proximate the maxi mum
net econonmic vyield.

The optimum vyield my
for limted periods ex-
ceed the MY if econo-
mc or social demands
so dictate.

The optinum vyield
certain fisheries wll
require harvest rates
greater than the MY of
somre of their conponent
speci es, particularly
in multispecies traw
fisheries.

The optimum vyield for
some st ocks will be
that which wll rmain-
tain only' the mnimm
popul ation necessary to
ensure t he speci es
continued existence.

The optinum vyield from
the point of view of a
country having contro

of a stock, might be to
| et another nation har-
vest that stock at a
predetermined rate in
return for cash,

from



credit, or sone other
sort of rights.

8. The optimm yield can
be less than the con-
venti onal concept of
maxi mum  net econom ¢
yield for certain m-
rine stocks of primry
i nterest to sport
fishermen in devel oped

countri es.

9. The optimum vyield wll
be zero har vest for
species considered to
be of gr eat est val ue
for their aesthetic in-
terest (the California
garibaldi), or for in-
habi tants of fragile
environnents that could
be damaged by intrusion
of man or his gear, or
of envi ronnent s t hat
have high scenic values
(coral reefs, under -
wat er parks).

10. The optinum vyield for
"desirabl e" stocks that
are al r eady over har -
vested wll range from
zero up, dependi ng on
the level to which one
desires to restore the
st ock and the speed
with which one wants to
reach that |level."

Thus, the OY concept provides
a set of options for fishery
managenent whi ch wer e not
avail able under the concept of
MSY al one.

What has been the track
record for OY so far? It's
only been a little over a year
since inmplenentation of FCVA
and not many fishery manage-
ment plans have been written
and approved. A quick look at
the few plans that have been
approved, however, m i ndi -
cate the future tren of OY
managenment .

The first plan we'll ook at
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t he Atl antic
Plan (1977) for
and vyell ow ai
speci es will
separately.

is Groundfi sh
haddock, cod,
fl ounder. Each

be di scussed

stocks of cod are
t he

and

cod. --Two
considered in the plan,
Qlf of Mine (Gm) stock
the Georges Hank-Southern New
Engl and ( GB- SNE) st ock, MSY
for the GM stock is 10,000 t
and 50,000 t for the SNE
st ock. Avail able data indi-
cate that the total conbined
domestic commercial, foreign
commerci al , and recreational
catch has been at or below MY
in both areas in recent years,
but that the fishing effort
has been higher than the |evel
necessary to pr oduce MSY
This indicates that the stock
abundance should be allowed to
i ncrease. Fi sheri es sci en-
tists recommended the commer-
cial catches be set at 3,200 t
for GV and 15,000 t for SNE to
allow the stocks to rebuild.
U.S. fishing industry advisors
pointed out the potential ad-
verse econom c inpacts on the
harvesting sect or i f t he
quotas were inplenmented. A
comprom se was reached, and
the quota figures were raised
to 5,000 t and 20,000 t, re-
spectively. The expect ed
catches by recreational fish-
ermen were 2,300 t for GM and
10,000 t for SNE, thus naking
the optimum vyields for these
two stocks 7,300 t and 30,000
t.

Here we have
how OY was
consi deration
bi ol ogi cal
st ocks, and
soci ol ogi ca
comrer ci al
tional

an exanple of
arrived at with
given to t he
st at us of t he
the economc and
effects on the
fleet and recrea-
fishery.

Yel | owt ai | Fl ounder. - - Two
stocks of vyellowtail flounder



are considered in the plan, a unavoi dabl e by-catch. In the
Georges Bank (GB) stock and a case of haddock, t hen, t he

Sout her n New Engl and ( SNE) overri (_ji ng consi derat_i on  was
st ock. MSY's were estimated the Dbiol ogical condition of
at 16,000 t and 23,000 t, re- the stock, and hence an OY was
spectivel y. Stock assessnent recommended  based on this
indicates that the GB stock is single criterion. _
stable but below the Ievel The second plan is  for
required to produce MY, and Sal mon  Fishing  (1977:22-23)
the SNE stock is declining in off the coasts of Washington,
abundance. From a strictly Oregon, and California.  This
bi ol ogi cal vi ewpoi nt , catch plan is an excellent exanple
from both stocks should be re- of the conplexities involved
duced as nmuch as possible to in arriving at Ov.  The fol-
i ncrease spawning biomass and lowing is taken directly from
provide a buffer against re- the plan.
cruitment failures. However , " Achi evi ng maxi mum yield
it was determined that this levels in pounds would require
would cause undue economc elimnation of ocean troll and
hardship for the harvesting sport fishing and the taking
sect or and coast al communi - of al | fish at or near river
ties, so an OY of 10,000 t for mout hs. This action would be
GB and 4,000 t (as by-catch requir ed because rate of
only) for SNE was reconmmended. growth exceeds rate of natural
Recr eati onal fishermen do not mortality in the ocean. Thi s
take appreciable amounts  of pl an devi at es from MY Dby
yellowtail flounder, so it was mai ntaining ocean troll and
not necessary to con_si der this sport fisheries, but recom
sector in the analysis. nmends reduced fishing rates to
Once again, we have an OY provide increased availability
based on consideration of both of fish to "inside" fisheries
economi ¢ and biological fac- and spawning escapenents.
tors. The exact determ nation "Net effect of these recom
of the OY level was deternined mendations on certain major
subjectively in both cases, as sal non stocks provides an ex-
all of the factors involved ample of the effect of nodify-
were not quantifiable. ing MSY to reflect economc
and soci al (including 1legal)
Haddock. --Only one stock of factors to achieve OY. The
haddock is ~considered in the plan projects optinmm vyields
plan and MSY is estimted at (OY) of 18.0 million pounds
47,000 t.  The haddock stock for Colunmbia River fall-run
is severely depleted, and it chinook (4.3 mllion pounds
was determned that renovals less than MSY) and 31.3 nmil-
should be kept at the [owest lion pounds for the five coho
possible level to allow for st ocks descri bed previously
rapid recovery of the stock to (3.9 mnmllion pounds less than
the MY Ilevel of abundance. MSY). The reasons for propos-
Thus, on strictly biological ing a harvest of less than MY
gr ounds, the OY was set at are reflected in (1) the high
6,200 t, which includes both recreational val ues; and (2)
recreational and commer ci al the higher market value per
catch as by-catch only. Thi s pound for troll relative to
is the anmount determned to be net -caught Colunbia River fall

15



chinook (due to both real and
perceived quality differences
and di fferent mar ket chan-
nels). Val ues under the plan
include an estimated $19.1
mllion for Col umbi a Ri ver
fall-run chinook ($6.2 mllion
nmore than the MY value of
$13. 7 mllion) and $43.5
mllion for the five coho
stocks ($8.8 nillion nore than
t he MG I val ue of $34.7
m | 1ion)

"O her consi derations in-
volved in preserving ocean
troll and sport fisheries to
achieve OY are:

1. Availability of sal non
over a | onger annua
tinme peri od and in
greater variety wth a
troll fishery.

2. Less di sl ocati on and
communi ty i npact t han
that which would follow
i mediate elimnation of
i ndustries (troll fish-
ery and charter boats)
which form significant
sectors of coastal em
pl oynent/al ternati ves.

3. Preservation of a life-
style represented by
troll fishing and char-
ter boat operation; act-
ivities accessible with
modest capital i nvest -
ment s.

Factors justifying sonme signi-
ficant transfer of fish to the
inside fisheries and spawning
escapements to achieve OY in-
cl ude:

1. Reduced catches of de-
pleted fish stocks that
wil | provide increased
sal non production over
the long term

2. Legal rulings that re-
quire certain quantities
of fish to be provided
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for treaty |Indian fish-
eries.

3. A reversal of past
trends resulting in the

brunt of conservation
restrictions falling on
inside fisheries in or-
der to assure that ade-
guate spawning escape-
ments are provided.

"Current technology and avail-
ability of data do not permt
direct quantification of all
these factors. Thus, final
determ nation of OY reflects
the professional judgnents and
experience of the working team
who prepared the plan, t he
Scientific and Statistical
Comm ttee, and the Council,
which also has been influenced
by i nput from the Sal non
Advi sory Panel , and t he
citizen input through public
hearings."

Here we have an exanple of a
reconmended OY which is less
than MSY based primarily on
consideration of high recrea-
tional and econom ¢ val ue
with some sociological factors
al so included. Once again,
note that the factors consid-
ered are not quantifiable,
and that the estimate of OY
was arrived at by a consensus
of t he people involved in
witing the plan.

The last plan we'll |ook at
is for the Surf Cam and GCcean
Quahog Industries (1977) off
the northeast coast.

Surf Cam.--An MSY of 23,000
t is estimted for surf clam
if the populations are allowed
to rebuild to their maxinmm
| evel . Stock assessnent in-
dicates that the total harvest
for 1977 should be limted to
as low a level as possible to
permt stabilization of t he
popul ations as soon as pos-
si bl e. | ndustry spokesman



i ndi cat ed, however, that |ow
harvest levels could inflict

economi ¢ hardships on those
individuals in the harvesting
and pr ocessi ng sectors.

Hence, a comprom se QY of
14,000 t was recomended in
the plan, which took into con-
sideration both the biologica

status of the stocks and the
econom cs of t he i ndustry.

Recreational fishing is not a
consideration in either t he
sur f or cl am or quahog
fisheries.

Ocean Quahog.--The MY for
quahog is estimated as 49,000
t, based on the wvirgin stock
bi omass method we nmentioned
earlier. This is a very gross
estimate of t he pot enti al
yield from the stock. Recog-
nizing this, the plan recom
mends an OY of 14,000 t as a
precautionary figure on bio-
| ogi cal grounds al one. The
feeling bei ng t hat it is
better to err on the conserva-
tive side rather than risk po-
tential over fi shi ng, especi al -
ly of a stock whose biological
characteristics woul d make
recovery from overfishing a

sl ow process.

CONCLUSI ON

t he
been
appears

few plans
approved to
t hat t he
Council s

Judgi ng by
whi ch  have
dat e, it
Fi shery Management
have risen to the challenge.
A specification of OY was
arrived at in each case, based
on an estimate of MY as nodi-
fied by relevant' econonic and
soci al factors, even t hough
these factors were not quanti-
fiable. Thus, the precedent
has been set as we enbark on
the road to a new era in
fisheries managenent.
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APPENDI X

Growth and nortality
may be expressed as either

rates
an-



i nst ant aneous val ues.
rates are easier to un-
but i nst ant aneous
mre easily m-

yield equations.
illustrate t he

The annual
nortality rate (A) is taken as
one-S, where S equals annual
survival . S can be calcul ated
by dividing the nunber of fish
remai ning alive at the end of
the year (N;) by the nunber
that were alive at the start
of the year (N, thus S =
N,/N, . and A= 1-(Ni/ Np) .
Total instantaneous nortality
rate (2Z2) is related to S by
the equation Z = -1n S (where
In means natural |ogarithm or,
exponentiating both sides, e
= S The relationship is
based on a postulated exponen-
tial decline between nunbers
alive at the beginning of a
time peri od and nunbers
remaining at the end of the
peri od. The function | ooks
like the followng

nual
Annual
der st and,
rates are
ni pul at ed
Let us
di fference.

or

in
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For a conparison bet ween
annual and instantaneous rates
look at the following table:

A VA

0.01 0.01

0.25 0.29

0.50 0.69

0.75 1.39

0.90 2.30

0.95 3.00
Note that an annual rate can
never be (greater than 1.0,
whereas an instantaneous rate
can. Al so, annual rates are
not additive, whereas instan-
taneous rates are additive, a
property which facilitates the
use of instantaneous rates in
yield equations. For exanpl e,
let's consi der a fishery
havi ng an annual t ot al
nortality rate of 0.50. After
3 yr, the total nortality
woul d not add to 1. 50.
Cbviously, nortality can't be
greater than 100% (1.0). On
the other hand, the equivalent
i nst ant aneous rate (0.69)
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